Abstract-We present a study of quantum confined electroabsorption and carrier dynamics in polar c-plane and nonpolar a-plane InGaN/GaN quantum heterostructures. We demonstrate red-shifting absorption edge, due to quantum confined Stark effect, in nonpolar InGaN/GaN quantum structures in response to increased electric field, while we show the opposite effect with blue-shifting absorption spectra in polar quantum structures. Moreover, confirmed by timeresolved photoluminescence measurements, we prove that carrier lifetimes increase with increasing electric field for nonpolar structures, whereas the opposite occurs for polar ones.
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Since the demonstration of blue light emitting diodes [1] and laser diodes [2] , optoelectronic devices based on IIINitride quantum structures have found important applications in consumer electronics and lighting industries through display, data storage and white-LED applications [3] . Moreover, in this semiconductor device platform, there is a great potential for even further expansion in optoelectronic device applications through innovation and development [4] [5] . To widen their use, to improve their performances, and to expand their applications, physics of these devices should be understood well and materials quality and device efficiencies should be increased. In our research group, we have been working on the physics and applications of optoelectronic devices based on InGaN/GaN quantum structures. Here in this paper, we review the basic physics of InGaN/GaN quantum structures and present our studies on their external electric field dependent optical absorption and time resolved decay kinetics behavior.
Polarization-induced built-in electrostatic fields
In III-Nitride quantum heterostructures, two-dimensional built-in charges of alternating signs are induced at the interfaces due to the discontinuities of the polarization fields throughout the structure [6] . These charges cause built-in electrostatic fields, which are perpendicular to the interfaces and have alternating directions in quantum well and barrier layers in a multiple quantum well structure. This effect is maximal when the growth is performed on polar c-plane of III-N wurtzite crystal. As a consequence of this effect, electrons and holes are pulled in the opposite directions inside the well layers. This results with a reduced electronhole overlap and thus a reduced electron-hole recombination and generation rate compared to the no polarization induced electrostatic field case [4] .
However, these fields and this effect are absent when the structure is grown on its m-or a-plane [6] . These two planes are referred to as nonpolar planes. One of the drawbacks for growing III-Nitrides on nonpolar planes is that, dislocation densities in nonpolar-grown structures are much higher than those on polar structures, mainly due to the absence of a native substrate. And this makes them unfavorable for device applications. In a recent study, metal organic chemical vapor deposition (MOCVD) growth of a-plane GaN on r-plane sapphire substrate was achieved with a low dislocation density [7] . The authors also demonstrated a light emitting diode using this material.
Electroabsorption in III-Nitride Quantum Structures
As mentioned earlier, polarization induced electrostatic fields are present in polar III-Nitride quantum structures. The direction of these fields inside the quantum well layers is in opposite direction to the growth direction when the growth is performed using MOCVD. By placing these quantum structures in a p-i-n diode architecture, in which ptype layer is on top, external electric field can be applied in opposite direction to the built in electrostatic field inside the well layers. Then, an increasing external electric field decreases the net field inside the well layers, increasing the overlap integral of electron and hole wavefunctions. In addition to this, the tilt in the quantum well layers' potential profile decreases and the energy difference between electron and hole ground states decreases. This effect can be probed through electroabsorption measurements and it is observed as a blueshift [5] in the absorption spectra at increasing external electric fields, i.e., reverse bias voltages, as in Figure 1 . The absorption coefficient change (ǻĮ) in our InGaN/GaN quantum structures is significantly high, at a comparable level with other III-V quantum structures that operate at near infrared region and are widely used in telecom. This makes our devices promising candidates for their future use [5] . We also performed electroabsorption measurements in nonpolar structures. In this case, since we have no polarization-induced electrostatic fields inside the well layers, absorption spectrum of the device redshifts with increasing external electric field, a phenomenon known as quantum confined Stark effect [8] .
The opposite behavior of electroabsorption in polar and nonpolar quantum structures stems from the existence of polarization induced electrostatic fields.
In addition to electroabsorption measurements, another characterization method is time-resolved photoluminescence. Due to the decrease of the overlap integral of electron and hole wavefunctions with increasing external electric fields, similar to the results of Ref. 9 , we can observe a drastic decrease of carrier lifetimes in polar structures as in Fig. 3 [10] . An opposite behavior, increase of carrier lifetimes with increasing external electric field was observed (not shown) in the nonpolar case.
In conclusion, we reviewed the opposite behavior of electroabsorption and electric field dependent carrier lifetime behavior in polar and nonpolar InGaN/GaN quantum structures.
